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Description 

[0001] This invention relates to a drag reduction ar- 
rangement for the body of an athlete moving through a 
fluid medium. 

[0002] Many athletic sports inherently involve the ath- 
lete moving his body through a fluid medium, usually air 
or water. Typically, such sports are swimming, cycling, 
skiing, and speed skating. 

[0003] The drag on these athletes can be broken 
down into three main sub types, namely wave drag, skin 
friction drag, and form drag. 

[0004] Wave drag results when a body moves on the 
surface of a fluid producing a wake (only the swimmer 
when on the surface of the water encounters this type 
of drag). 

[0005] Skin friction drag results from the viscosity of 
the fluid and is applicable to all of the sports listed above. 
Fluid in contact with the surface of a body in motion de- 
celerates to zero velocity with respect to the body. The 
difference in velocity this creates between the free 
stream flow and the skin of the body results in a finite 
shear region called a boundary layer. This boundary lay- 
er grows in thickness as it progresses from the front of 
the body to the back. In addition, the boundary layer may 
progress through two different states depending on flow 
conditions. In the laminar state, the flow is smooth and 
the skin friction drag is low. In the turbulent state, a lam- 
inar boundary layer may 'transition' to a turbulent one 
under the right conditions. This results in higher skin fric- 
tion. 

[0006] Form drag occurs if boundary layer flow en- 
counters an adverse pressure gradient, i.e., a region 
where the flow decelerates. The flow separates from the 
body resulting in the formation of large eddies creating 
a low pressure region aft of the body. This can result in 
a dramatic increase in drag over a flow which remains 
attached. Unfortunately, laminar boundary layers, which 
have the lowest drag are also the most susceptible to 
separation. 

[0007] With respect to the sports listed above, drag 
reduction efforts to date have largely concentrated on 
reducing skin friction drag. For example, it has been pro- 
posed to delay the development or reduce the intensity 
of a turbulent boundary layer by smoothing the body sur- 
face and employing streamwise riblets. Such a meas- 
ure, however, has the effect of hastening boundary layer 
separation. A typical example of such a method is de- 
scribed in US Patent no. 5,033,116. 
[0008] PCT application no. WO 94-19975 discloses 
an approach which uses large wedge-shaped modules, 
which generate large-scale trailing vortices.These de- . 
vices introduce substantial skin drag and would be of no 
benefit in a medium such as water, where they would 
inhibit the movement of the swimmer. 
[0009] PCT application no. WO 93-18673 discloses 
similar bulk devices that generate macro vortices. The 
beneficial effect is doubtful and they are very cumber- 



some to wear. 

[0010] An alternative method involves covering the 
surface with a lubricant which is shed in the flow thereby 
reducing the net shear stress at the body surface. 
5 [0011] However, since humans are not streamlined, 
surprisingly reducing the skin friction drag may actually 
increase the overall drag because delaying transition to 
a turbulent boundary layer or decreasing the intensity of 
the turbulent layer may induce earlier separation when 
10 the flow encounters an adverse pressure gradient, such 
as occurs in the vicinity of a curved surface. This effect 
may dramatically increase form drag, more than offset- 
ting any gains from reduced skin friction. 
[0012] In fact, a major source of drag in many racing 
15 sports results from flow separation at curved surfaces 
on the athlete's body, such as at the athlete's posterior, 
arms or back of the head. This is known as form drag. 
Specifically the sports which are most affected by this 
type of drag include any sport in which the athlete's torso 

20 is aligned with the direction of motion. 

[0013] Classically, form drag is reduced by altering 
the shape of the object in the flow to more closely ap- 
proximate a streamline shape. This is often not practical 
in the case of a human being. When practical, such 

25 methods are generally outlawed by the applicable 
sports governing body. For example, fairings are gener- 
ally illegal in almost ail sanctioned cycling races. Con- 
sequently, any method which reduces drag must also 
be subtle in order to avoid prohibition. 

30 [0014] An object of the invention is to reduce the over- 
all drag on an athlete moving through a fluid medium. 
[0015] According to the present invention there is pro- 
vided a wearable article for use by a person moving 
through a fluid medium in a longitudinal direction, said 

35 longitudinal direction defining a direction of fluid flow rel- 
ative to said person, and said article having vortex gen- 
erators secured to said article, characterized in that said 
vortex generators are arranged in an array upstream of 
the point of boundary layer separation, each row of said 

*o array consisting of several closely spaced vortex gen- 
erators extending across the article in a transverse di- 
rection relative to said fluid flow when said article is 
worn, and said vortex generators being arranged so as 
to create multiple miniature trailing vortices extending in 

45 said longitudinal direction and having a height sufficient 
to extend about M to Yz the way into the boundary layer 
formed by the motion of the person through the fluid me- 
dium, whereby said vortex generators delay the onset 
of boundary layer separation and thereby reduce form 

50 drag. 

[001 6] The array of vortex generators should be locat- 
- ed just upstream of the points of anticipated flowsepa-" 
ration on the trailing surface, i.e. upstream of a portion 
of the body that curves away from the relative fluid flow, 
55 such as just upstream of the athlete's posterior, back of 
his head, or on the sides of his arms or legs. 
[001 7] By delaying the onset of boundary layer sepa- 
ration is meant the fact that flow separation occurs fur- 
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ther downstream of the relative fluid flow than would be 
the case without such means. The word delaying is em- 
ployed more in a spatial sense than temporal as is cus- 
tomary in the art of fluid dynamics. 
[0018] Vortex generators are passive devices that 
create vortices whose axis of rotation is oriented parallel 
to the flow. This has the effect of transporting high speed 
flow from the free stream into the near wall region, which 
tends to prevent flow separation. Since the vortices per- 
sist far downstream of the generators themselves, the 
method is very effective at preventing separation. Fur- 
thermore since these devices also trip a laminar bound- 
ary layer into a turbulent one, they are effective in a wide 
variety of flow conditions. The miniature vortices that ex- 
tend about Va to Yi the way into the boundary layer. While 
the vortices increase skin friction, this increase is more 
than offset by the delay in the onset of boundary layer 
separation. 

[0019] Various shapes, such as V's, wedges, and cyl- 
inders, can be employed for this purpose. A preferred 
type is a Stephen's vortex generator, which is in the form 
of an wedge with an angled upper surface. Such a vortex 
generator is described in U.S. patent no. 2,800,291, 
which is incorporated herein by reference. The vortex 
generators are preferably arranged in rows across the 
flow direction and continued around the surface to the 
point where flow separation takes place. 
[0020] The vortex generators can be made, for exam- 
ple, of suitable flexible plastic material, for example 
sewn, molded, or glued into an athlete's garment, such 
as a swimsuit or cycling suit. 

[0021] The induced drag is more severe downstream 
of steeply curved surfaces. Thus, on steeper curves, 
such as in the buttock or head areas, it is desirable to 
have several rows of vortex generators continuing up to 
the point of inevitable separation. Where the curve is 
shallower, such as in the back area, only one row will 
generally be sufficient. There is a trade-off. The vortex 
generators increase the frictional drag, due to their pro- 
jection into the medium and the vortex generation, but 
in accordance with the invention any such increase is 
more than offset by the reduction in form drag. 
[0022] Generally, the vortex generators should ex- 
tend about % to Vi the way into the boundary layer, which 
in the case of a swimmer is about 2.5 cm thick. The vor- 
tex generators typically generate vortices that extend 
about % to 34 way into the boundary layer. By bringing 
faster moving fluid into contact with the surface of the 
body, they delay the onset of boundary layer separation 
in a manner which is known per se in relation to aero- 
dynamic bodies. The thickness of the boundary layer is 
generally about 2.5 cm in air as well because the athlete 
is moving a lot faster. It generally widens from the stag- 
nation point on the leading edge of the body toward the 
rear. 

[0023] Other means of delaying boundary layer sep- 
aration can be employed. For example, surface rough- 
ening can be used. Alternatively, a trip wire or bead 



could be located in place of the vortex generators. 
[0024] The invention depends on the fact that, in an 
adverse pressure gradient, the velocity profile of the 
boundary layer eventually becomes inflected. Essential- 

5 ly, a near wall sub-layer of low speed flow begins to grow 
in thickness which causes the boundary layer to lose 
adherence. This condition results in separation if the ad- 
verse pressure region continues too long or the pres- 
sure gradient increases. By introducing high energy (i. 

10 e. high speed) fluid into the near-wall portion of the 
boundary layer, for example through the use of the vor- 
tex generators described above, the onset of boundary 
layer separation can be delayed. Five methods of 
achieving this result are boundary layer tripping, bound- 

15 ary layer suction, boundary layer injection, and vortex 
generators. 

[0025] In boundary layer tripping, a laminar boundary 
layer can be tripped to a turbulent one by roughening 
the object's surface or by placing an obstacle in the flow. 

20 However, if the flow is already turbulent, this strategy 
will be ineffective and will, in fact, hasten any separation 
of the boundary layer. The boundary layer must there- 
fore be tripped in a laminar flow region. 
[0026] Boundary layer suction involves a series of 

25 pores on the surface of the object which literally remove 
the near wall low energy flow. 

[0027] In boundary layer injection, high speed fluid is 
injected parallel to the surface in the near-wall flow 
through an array of small jets. 
30 [0028] While the other techniques could be employed, 
vortex generators show the most promise for significant- 
ly reducing the overall drag in the aforementioned 
sports. The vortex generators themselves are conven- 
iently solid pieces attached at key flow points on the ath- 
35 lete's garment. Specifically the devices are attached at 
points upstream of anticipated flow separation and con- 
tinuing round the curved body to the point of flow sepa- 
ration. The most significant regions of flow separation 
are the head and posterior of an athlete in the case of 
40 a swimmer, and in the case of a cyclist also include sides 
of the torso, the arms and legs. For example, air meeting 
the legs separates as it curves round the curved portion 
of the leg creating form drag in its wake. 
[0029] The invention also provides a method of reduc- 
es jng the drag of a person moving through a fluid medium 
in a longitudinal direction, said longitudinal direction de- 
fining a direction of fluid flow relative to said person, and 
said fluid defining a boundary layer in the vicinity of the 
person, characterized in that an array of vortex genera- 
50 tors is arranged on said person upstream of the point of 
boundary layer separation, each row of said array con- 
- sisting of several closely spaced vortex generators ex- 
tending in a transverse direction relative to said fluid 
flow, said vortex generators being arranged so as to cre- 
55 ate multiple miniature trailing vortices extending in said 
longitudinal direction and having a height sufficient to 
extend about M to Vi the way into said boundary layer, 
said trailing vortices delaying the onset of boundary lay- 
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er separation and thereby reducing form drag 
[0030] The wearable article may be an athlete's gar- 
ment having attached thereto means for delaying the 
onset of boundary layer separation at a trailing surface 
of the athlete's body. 5 
[0031] The wearable article may be an athlete's body 
suit having provided thereon means for delaying the on- 
set of boundary layer separation at trailing surfaces 
thereof during an athletic activity, said means compris- 
ing vortex generators located at points just upstream of 10 
said trailing curved surfaces. 

[0032] The wearable article may be an athletic helmet 
comprising means extending thereacross on the top 
surface thereof to delay the onset of boundary layer sep- 
aration. 15 
[0033] The invention will now be described in more 
detail, by way of example only, with reference to the ac- 
companying drawings, in which:- 

Figure 1 illustrates the boundary layer separation 20 
process that applies to bodies moving through a flu- 
id medium; 

Figure 2 illustrates the production of form drag; 

25 

Figure 3 shows the effect of vortex generators in 
accordance with the invention; 

Figures 4a to 4g show various types of vortex gen- 
erator; 30 

Figures 5 and 6 are rear and side views of a swim- 
mer respectively; and 

Figure 7 is a rear perspective view of a cyclist using 35 
an arrangement in accordance with the invention. 

[0034] Referring now to Figure 1 , a solid object 1 is 
moving relative to a fluid medium 2, such as water or 
air. The fluid flow direction is shown by arrow 3. Of *o 
course, it is the relative motion that is important. It is 
immaterial whether it is the body or fluid that is moving. 
It is customary to reference the fluid movement to the 
body. Thus, when considering the boundary layer, which 
is the region where fluid flow is affected by the presence 45 
of the body, it is customary to refer to the streamline clos- 
est to the body as stationary-and the streamline furthest 
from the body as fast-moving. 
[0035] It is known from the laws of fluid mechanics 
that flow in the boundary layer 7 can be turbulent or lam- so 
inar. As the object moves through the fluid, three regions 
are created. In the forward region 4, the flow is essen- 
tially laminar close to the surface of the body 1. This is 
the region of lowest skin friction drag. 
[0036] In the aft region 5, the flow is essentially turbu- 55 
lent. Here, there is a much higher skin friction. 
[0037] A transition region 6 is present between the for- 
ward and aft regions 4, 5, where the flow close to the 



body changes from laminar to turbulent. 
[0038] If the boundary layer, which is the region where 
fluid flow is affected by the presence of the body, en- 
counters an adverse pressure gradient, i.e., a region 
where the flow decelerates, the flow may separate from 
the body, resulting in the formation of eddies 9 (Figure 
2), which result in a low pressure region aft of the body. 
These eddies, which unlike the vortices rotate about 
transverse axes, result in a dramatic increase in drag 
relative to a flow that remains attached. 
[0039] Laminar boundary layers, which have the least 
skin friction drag, are the most susceptible to separation. 
Turbulent boundary layers, while exhibiting higher skin 
friction, are, however, less susceptible to flow separa- 
tion. 

[0040] Figure 2 shows a streamlined body 8 designed 
to delay the onset of separation in boundary layer 7 and 
thus reduce form drag. Flow separation occurs in tran- 
sition region 6, resulting in the formation of trailing ed- 
dies 9 aft of the body 8. The streamlining of the shape 
helps to push the region 6 aft as much as possible, re- 
sulting in a reduction in form drag. 
[0041] With mechanical devices, form drag can be re- 
duced in this way by careful design of the shape of the 
object. In the case of the human body, this is not usually 
feasible. Thus in order to reduce form drag, in accord- 
ance with the invention, a device is attached to the 
boundary that is designed to delay the onset of bound- 
ary layer separation. 

[0042] Figure 3 illustrates the principle. Fluid flowing 
over plane surface 10a flows in a laminar fashion until 
it meets curved region 106. In the absence of vortex 
generators 11, it would begin to follow the curve and 
then very quickly separate, creating large eddies similar 
to eddies 9 in Figure 2. These eddies create large 
amounts of form drag. 

[0043] If vortex generators 1 1 are placed strategically 
in rows on the surface 10 just upstream of the curved 
region 1 0b, where flow separation of the boundary layer 
is expected to occur, the onset of boundary layer sepa- 
ration can be delayed and consequently the form drag 
can be reduced. The rows of vortex generators continue 
round the curved region 10b until the point where flow 
separation becomes inevitable. Experiments have 
shown that the array of vortex generators 11 effectively 
causes the streamlines to remain attached to the curved 
surface 10b and thus delay the onset of boundary layer 
separation. This results in a reduction in form drag. 
[0044] The vortex generators 11 thus serve to delay 
the onset of boundary flow separation by increasing the 
energy of the fluid flow, thus significantly reducing form 
drag. They produce miniature vortices spiraling about a 
longitudinal axis extending generally parallel to the sur- 
face along the streamlines. Generally, they extend 
about Va to % the way into the boundary layer, and their 
effect is to bring higher speed, higher energy air into the 
lower regions of the boundary layer and allowing it to 
maintain contact with the surface of the body. 
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[0045] Figures 4a to 4g illustrate suitable vortex gen- 
erators 11 , which can be attached in rows just upstream 
of a curved portion of the athlete's body, and preferably 
continuing around the curve to the point of inevitable 
flow separation. The vortex generators may be sewn, 
molded or glued into the athlete's garment, such as a 
body suit 30. 

[0046] Figure 4a shows a simple wing shape, which 
is placed at an angle to the fluid flow. Figure 4b shows 
a wedge shape, and Figure 4c shows a Vee shape. Fig 
4d shows a cylinder, Figure 4e a truncated sphere or 
cap, and Fig, 4f, an airfoil section. Each of these devices 
will produce a trailing vortex when placed in a fluid 
stream. 

[0047] Figure 4g shows a shape which has proved to 
be most effective in tests. This is known as a Stephen's 
generator described in U.S. patent no. 2,800,291 re- 
ferred to above, and consists of a generally wedge- 
shaped form with concavely curved sides and having an 
upper surface truncated at an angle from the front to rear 
edges which lie at right angles to each other. Fluid flow 
strikes the inclined upper side edges and as it does so 
spirals off forming downstream vortices. 
[0048] Other suitable vortex generators are described 
in U.S. Patent nos. 5,088,837 and 4,455,045, which are 
incorporated herein by reference. 
[0049] Figures 5 and 6 show respectively the rear and 
front sides of a swimmer. The Stephen's vortex gener- 
ators 11, consisting of small flexible plastic pieces, are 
molded in rows on the athlete's head 12, back 13, and 
buttocks 14, commencing just upstream of the trailing 
curve and continuing round it to the point where bound- 
ary layer separation becomes inevitable. In the rear por- 
tions 12a of the head and 14a of the buttocks, which 
have a steeper curvature, several parallel rows of stag- 
gered vortex generators are provided since the bound- 
ary layer separation is more pronounced in these re- 
gions. In the back region 13, where the curvature is shal- 
lower, only one row is desirable since there is a trade- 
off. The vortex generators increase skin friction and the 
objective is to ensure that any such increase is more 
than offset by the reduction in form drag. 
[0050] Figure 6 shows streamlines 1 5 and 1 6 set (not 
to scale) 1.3 cm and 2.5 cm 0£"and 1") respectively from 
the surface of the body, assuming for a swimmer a 
boundary layer thickness of 2.5 cm (1 H ) which is typical. 
The vortex generators typically protruded the way into 
the boundary layer and the resulting vortices 17 bring 
the higher energy air into contact with the athlete's body. 
The boundary actually becomes thicker from the stag- 
nation point over the head toward the rear of the body. 
The height of the vortex generators relative to the thick- 
ness of the boundary layer depends not only on the cur- 
vature of the trailing surface but also the length over 
which they have effect. The more the vortex generators 
protrude above the surface, the greater the distance 
over which the generated vortices will be sustained, but 
of course also the greater the frictional drag. In the case 



of the back, the single row of generators has about the 
same height as those over the buttock because al- 
though the curvature is less, they must have an effect 
over a greater distance. Typically, a Stephen's vortex 

5 generator may be 0.6 cm high, 2.5 cm wide, and 5 cm 
long 04" high, 1" wide, and 2" long). 
[0051] Miniature vortices are generated at each gen- 
erator, and these swirl along the surface of the body in- 
creasing the energy of the water and thus delaying the 

10 onset of boundary layer separation. The vortices 17 fol- 
low contours 1 5, 1 6. As a result, form drag is significantly 
reduced and the athlete's performance enhanced. The 
form drag can be reduced in some circumstances up to 
5 or 10%. 

15 [0052] The vortex generators 11 can be conveniently 
formed as part of the athlete's body suit 12, which can 
also employ conventional skin-friction reducing technol- 
ogy, such as lubricants and the like. 
[0053] The invention is applicable to other sports, 

20 such as cycling and skiing, where the athlete's body 
moves through a fluid medium, in this case air. In the 
case of cycling, as shown in Figure 7, the vortex gener- 
ators 11, preferably Stephen's type generators, are sim- 
ilarly attached to the athlete's body just upstream of 

25 points where boundary layer separation would tend to 
occur, i.e. on the head, over the buttocks and on the 
inner and outer sides of the arms and legs. In the case 
of the head, they can be conveniently attached to the 
back of the cyclist's helmet (20), as shown in Figure 7. 

30 Over the arms and legs, they are of course oriented so 
as to keep the air flowing inward around the curved sur- 
face into contact therewith. Although not shown, as will 
be appreciated by one skilled in the art, they can also 
be attached to the sides of the body so as to function in 

35 a similar manner. 

[0054] The vortex generators for the arms and legs 
may also be stub cylinders or caps as shown in Figures 
4d and 4e. 

[0055] The important point is that the vortex genera- 
40 tors are placed upstream of the points of anticipated flow 
separation. By delaying the onset of flow separation at 
the trailing surfaces form drag is reduced. The invention 
can result in a reduction in overall drag in the order of 5 
to 10%. 

45 [0056] A ski suit can be designed in a manner similar 
to the cyclist's suit shown in Figure 7. In the case of a 
skier, there is no need for generators on the back. They 
can just be placed on the trailing curves surfaces of the 
arms, legs, and sides of the torso, and to a lesser extent 

so on the back of the head. 

[0057] Although shown as staggered, the rows of vor- 
tex generators can of course be arranged in line, and 
under some circumstances this may be a more efficient 
arrangement. 

55 
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Claims 

1. A wearable article (30) for use by a person moving 
through a fluid medium (2) in a longitudinal direc- 
tion, said longitudinal direction defining a direction 
of fluid flow (3) relative to said person, and said ar- 
ticle having vortex generators secured to said arti- 
cle, characterized in that said vortex generators are 
arranged in an array upstream of the point of bound- 
ary layer separation (6), each row of said array con- 
sisting of several closely spaced vortex generators 
(11) extending across the article in a transverse di- 
rection relative to said fluid flow (3) when said article 
(30) is worn, and said vortex generators (11) being 
arranged so as to create multiple miniature trailing 
vortices (17) extending in said longitudinal direction 
and having a height sufficient to extend about Ya to 
Yi the way into the boundary layer (7) formed by the 
motion of the person through the fluid medium (2), 
whereby said vortex generators (11) delay the onset 
of boundary layer separation and thereby reduce 
form drag. 

2. A wearable article (30) as claimed in claim 1 , char- 
acterized in that the vortex generators (11) of adja- 
cent rows are staggered in the transverse direction 
so that the vortex generators of a following row lie 
between the vortex generators of a preceding row. 

3. A wearable article (30) as claimed in any one of 
claims 1 to 2, characterized in that the height of said 
vortex generators (11) is at least about 0.6 cm. 

4. A wearable article (30) as claimed in any one of 
claims 1 to 3, characterized in that said vortex gen- 
erators (11) are Stephen's vortex generators having 
leading edges directed toward oncoming fluid flow 
(3). 

5. A wearable article (30) as claimed in any one of 
claims 1 to 3, characterized in that said vortex gen- 
erators (11) comprise V-shaped forms pointing to- 
ward the oncoming flow (3). 

6. A wearable article (30) as claimed in any one of 
claims 1 to 5, characterized in that said array (11) 
extends over a curved surface (12,12a,13,14,14a). 

7. A wearable article (30) as claimed as claimed in 
claim 6, characterized in that it is a swimsuit includ- 
ing a curved portion (14,14a) designed to be worn 
around the buttock region of the person, said curved 
portion providing said curved surface. 

8. A wearable article (30) as claimed in claim 6, char- 
acterized in that it is a helmet (20) including a curved 
portion (12,12a) designed to extend over the back 
of the head of the person, said curved portion pro- 



viding said curved surface. 

9. A wearable article (30) as claimed in claim 6, char- 
acterized in that it is a body suit including curved 

5 portions for extending around the torso and limbs 
of the person, a said curved surface (12, 14) being 
formed by each of said curved portions. 

10. A method of reducing the drag of a person moving 
10 through a fluid medium (2) in a longitudinal direc- 
tion, said longitudinal direction defining a direction 
of fluid flow (3) relative to said person, and said fluid 
defining a boundary layer (7) in the vicinity of the 
person, characterized in that an array of vortex gen- 

1 5 erators ( 1 1 ) is arranged on said person upstream of 
the point of boundary layer separation (6), each row 
of said array consisting of several closely spaced 
vortex generators extending in a transverse direc- 
tion relative to said fluid flow (3), said vortex gener- 

20 ators (11) being arranged so as to create multiple 
miniature trailing vortices (17) extending in said lon- 
gitudinal direction and having a height sufficient to 
extend about Ya to Vi the way into said boundary lay- 
er (7), said trailing vortices (17) delaying the onset 

25 of boundary layer separation and thereby reducing 
form drag. 

11. A method as claimed in claim 10, characterized in 
that said array (11) extends over a curved surface 

30 (12,12a,13,14,14a). 

12. A method as claimed in claim 10 or 11, character- 
ized in that the vortex generators (11) of adjacent 
rows are staggered in the transverse direction so 

35 that the vortex generators of a following row lie be- 
tween the vortex generators of a preceding row. 

13. A method as claimed in any one of claims 10 to 12, 
characterized in that the height of said vortex gen- 

40 erators (11) is at least about 0.6 cm. 

14. A method as claimed in any one of claims 10 to 13, 
characterized in that said vortex generators (11) are 
Stephen's vortex generators having leading edges 

45 directed toward oncoming fluid flow (3). 

15. A method as claimed in any one of claims 10 to 14, 
characterized in that said vortex generators (11 ) are 
provided on a swimsuit including a curved portion 

50 (14,14a) designed to be worn around the buttock 
region of the person, said boundary layer separa- 
tion occurring on said curved portions. 

16. A method as claimed in any one of claims 10 to 14, 
55 characterized in that said vortex generators (1 1 ) are 

provided on a helmet (20) including a curved portion 
(12,12a) designed to extend over the back of the 
head of the person, said boundary layer separation 
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occurring on said curved portions. 

17. A method as claimed in any one of claims 10 to 14, 
characterized in that said vortex generators (11) are 
provided on a body suit (30) including curved por- 5 
tions for extending around the torso and limbs of the 
person, said boundary layer separation occurring 

on said curved portions. 

18. A method as claimed in any one of claims 10 to 13, 10 
characterized in that said vortex generators (11) 
comprise a V-shaped form pointing toward the on- 
coming flow. 



Patentanspruche 

1. Ein tragbarer Artiket (30) zur Verwendung von einer 
sich durch ein flussiges Medium (2) in Langsrich- 
tung bewegenden Person, wobei die Langsrichtung 20 
als die Richtung der Flussigkeitsstrdmung (3) mit 
Bezug auf die Person definiert wird und die Wirbel- 
erzeuger an diesem Artikel befestigt sind, dadurch 
gekennzeichnet, dafc die so angeordneten Wirbel- 
erzeuger dem Punkt der Grenzschicht-Trennung 25 
(6) vorgeschaltet sind, wobei jede Reihe dieser An- 
ordnung aus mehreren dicht aneinander verteilten 
Wirbelerzeugern (11) besteht, die in Querrichtung 

mit Bezug auf die Flussigkeitsstrdmung (3) quer zu 
dem Artikel anliegen, wenn der Artikel (30) getra- 30 
gen wird, und daft diese Wirbelerzeuger (11) so an- 
geordnet sind, daft sie eine Reihe von mehreren Mi- 
niaturabstrdmwirbeln (17) hervorrufen, die sich in 
der Langsrichtung auswirken, und die eine genu- 
gende Hone aufweisen, urn etwa Y* bis Yz in die sich 35 
durch die Bewegung der Person durch das flussige 
Medium (2) bildende Grenzschicht (7) einzugreifen, 
wobei die Wirbelerzeuger (11) den Start der Grenz- 
schicht-Trennung verzogern und dadurch den 
Formwiderstand reduzieren. 40 

2. Ein tragbarer Artikel (30) nach Anspruch 1 , dadurch 
gekennzeichnet, daft die Wirbelerzeuger (1 1 ) in Ne- 
benreihen in Querrichtung so gegeneinander ver- 
setzt sind, dad die Wirbelerzeuger der folgenden 45 
Reihe zwischen den Wirbelerzeugern der vorherge- 
henden Reihe liegen. 

3. Ein tragbarer Artikel (30) nach Anspruch 1 oder 2, 
dadurch gekennzeichnet, daft die Hone dieser Wir- so 
belerzeuger (11) wenigstens etwa 0,6 cm betragt. 

4. Ein tragbarer Artikel (30) nach einem der Anspru- 
che 1 bis 3, dadurch gekennzeichnet, daft es sich 

bei den Wirbelerzeugern (11) urn sogenannte Ste- 55 
phensche Wirbelerzeuger mit den Anstrdmkanten 
in Richtung der ankommenden Flussigkeitsstrd- 
mung (3) handelt. 



5. Ein tragbarer Artikel (30) nach einem der Anspru- 
che 1 bis 3, dadurch gekennzeichnet, daft die Wir- 
belerzeuger (11) mit Keilform in Richtung der an- 
kommenden Flussigkeitsstrdmung (3) versehen 
sind. 

6. Ein tragbarer Artikel (30) nach einem der Anspru- 
che 1 bis 5, dadurch gekennzeichnet, dad die An- 
ordnung (11) sich uber eine gewolbte Oberflache 
(12, 12a, 13, 14, 14a) erstreckt. 

7. Ein tragbarer Artikel (30) nach Anspruch 6, dadurch 
gekennzeichnet, daft es sich urn einen Badeanzug 
mit einem gewolbten Bereich (14, 14a) handelt, der 
zum Tragen urn die Gesafthalfte der Person be- 
stimmt ist, wobei der Bereich die gewolbte Oberfla- 
che bildet. 

8. Ein tragbarer Artikel (30) nach Anspruch 6, dadurch 
gekennzeichnet, daft es sich urn einen Helm mit ei- 
nem gewolbten Bereich (12, 12a) handelt, der sich 
uber dem Hinterkopf der Person befindet, wobei 
dieser Bereich die gewolbte Oberflache bildet. 

9. Ein tragbarer Artikel (30) nach Anspruch 6, dadurch 
gekennzeichnet, daft es sich urn einen Anzug mit 
gewolbten Bereichen handelt, die den Kdrper und 
die Gliedmaften der Person umhullen, wobei die ge- 
wolbte Oberflache (12, 14) durch jeden dieser ge^ 
wdlbten Bereiche gebildet wird. 

1 0. Verfahren zur Reduzierung des Widerstandes einer 
sich durch ein flussiges Medium (2) in Langsrich- 
tung bewegenden Person, wobei die Langsrichtung 
als die Richtung der Flussigkeitsstrdmung (3) mit 
Bezug auf die Person definiert wird und die Flussig- 
keit eine Grenzschicht (7) in der unmitteibaren Na- 
he der Person definiert, dadurch gekennzeichet, 
daft eine Reihe von Wirbelerzeugern (11) so an der 
Person angeordnet sind, daft die Wirbelerzeuger 
dem Punkt der Grenzschicht-Trennung (6) vorge- 
schaltet sind, daft jede Reihe dieser Anordnung aus 
mehreren dicht aneinander verteilten Wirbelerzeu- 
gern besteht, die in Querrichtung mit Bezug auf die 
Flussigkeitsstrdmung (3) angeordnet sind, daft die- 
se Wirbelerzeuger (11) so arrangiert sind, um eine 
Reihe von mehreren Miniaturabstrdmwirbeln (17) 
hervorzurufen, die sich in der Langsrichtung aus- 
wirken, und die eine genugende Hdhe aufweisen, 
um etwa Ya bis Y2. in die Grenzschicht (7) einzugrei- 
fen, wobei die Wirbelerzeuger (17) den Start der 
Grenzschicht-Trennung verzogern und dadurch 
den Formwiderstand reduzieren. 

11. Verfahren nach Anspruch 10, dadurch gekenn- 
zeichnet, daft die Anordnung (11) sich uber eine ge- 
wolbte Oberflache (12, 12a, 13, 14, 14a) erstreckt. 
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12. Verfahren nach Anspruch 10 oder 11, dadurch ge- 
kennzeichnet, daft die Wirbelerzeuger (11) in Ne- 
benreihen in Querrichtung so gegeneinander ver- 
setzt sind, daft die Wirbelerzeuger der folgenden 
Reihe zwischen den Wirbelerzeugern der vorherge- 
henden Reihe liegen. 

13. Verfahren nacheinem der Anspruche 10 bis 12, da- 
durch gekennzeichnet, daft die Hone der Wirbeler- 
zeuger (11) wenigstens etwa 0,6 cm betragt. 

14. Verfahren nach einem der Anspruche 10 bis 13, da- 
durch gekennzeichnet, daft es sich bei den Wirbel- 
erzeugern (11) um sogenannte Stephensche Wir- 
belerzeuger mit Anstrdmkanten in Richtung der an- 
kommenden Flussigkeitsstromung (3) handelt. 

15. Verfahren nach einem der Anspruche 10 bis 14, da- 
durch gekennzeichnet, daft die Wirbelerzeuger (11) 
an einem Badeanzug mit einem gewolbten Bereich 
(14, 14a) angeordnet sind, der zum Tragen um die 
Gesafthalfte der Person bestimmt ist, wobei es zur 
Grenzschicht-Trennung im gewolbten Bereich 
kommt. 

16. Verfahren nach einem der Anspruche 10 bis 14, da- 
durch gekennzeichnet, daft die Wirbelerzeuger (11) 
auf einem Helm (20) mit einem gewolbten Bereich 
(12, 12a) angeordnet sind, der sich uber dem Hin- 
terkopf der Person erstreckt, wobei es zur Grenz- 
schicht-Trennung im gewolbten Bereich kommt. 

17. Verfahren nach einem der Anspruche 10 bis 14, da- 
durch gekennzeichnet, daft die Wirbelerzeuger (11 ) 
an einem Anzug (30) mit gewolbten Bereichen an- 
geordnet sind, die den Korper und die Gliedmaften 
der Person umhullen, wobei es zur Grenzschicht- 
Trennung im gewolbten Bereich kommt. 

18. Verfahren nach einem der Anspruche 10 bis 13, da- 
durch gekennzeichnet, daft die Wirbelerzeuger (11) 
mit Keilform in Richtung der ankommenden Flus- 
sigkeitsstromung (3) versehen sind. 



Revendications 

1. Un article portable (30) devant etre utilise par une 
personne passant a travers un milieu liquide (2) 
dans une direction longitudinate, ladite direction 
longitudinal definissant une direction de debit de li- 
quide (3) par rapport a ladite personne, et (edit ar- 
ticle etant dote de generateurs a vortex fixes a Par- 
ticle, caracterise en ce que les generateurs a vortex 
sont disposes dans un arrangement en amont du 55 9. 
point de separation des couches limites (6), chaque 
rangee de I'arrangement consistant en plusieurs 
generateurs a vortex etroitement espaces, qui 



s'etend a travers I'article dans une direction trans- 
versale par rapport au debit de liquide (3) quand 1e- 
dit article (30) est use, et lesdits generateurs a vor- 
tex (11) etant disposes de sorte qu'ils creent plu- 

5 sieurs tourbillons de sillage miniatures (17) s'eten- 
dant a la direction longitudinale et ayant une hau- 
teur suffisante pour s'etendre d'environ un quart a 
la moitie de la distance dans la couche limite (7) 
formee par le mouvement de la personne a travers 

10 le milieu liquide (2), ou lesdits generateurs a vortex 
(11) retardent le debut de la separation des couches 
limites, reduisant ainsi la trainee de forme. 

2. Un article portable (30) selon la revendication 1 , ca- 
15 racterise en ce que les generateurs a vortex (11) 

des rangees adjacentes sont disposes dans la di- 
rection transversale de sorte que les generateurs a 
vortex d'une rangee suivante se situent entre les 
generateurs a vortex d'une rangee precedents 

20 

3. Un article portable (30) selon n'importe laquelle des 
revendications 1 a 2, caracterise en ce que la hau- 
teur des generateurs a vortex (11) est d'au moins 
0,6 cm. 

25 

4. Un article portable (30) selon n'importe laquelle des 
revendications 1 a 3, caracterise en ce que lesdits 
generateurs a vortex (11) sont des generateurs a 
vortex de Stephen dotes de bords avant orientes 

30 vers le liquide coulant en sens inverse (3). 

5. Un article portable (30) selon n'importe laquelle des 
revendications 1 a 3, caracterise en ce que lesdits 
generateurs a vortex (11) comprennent des formes 

35 en V qui pointent vers le liquide coulant en sens in- 
verse (3). 

6. Un article portable (30) selon n'importe laquelle des 
revendications 1 a 5, caracterise en ce que leditar- 

40 rangement (11) s'etend au-dessus d'une surface 
courbe(12, 12a, 13, 14, 14a). 

7. Un article portable (30) selon la revendication 6, ca- 
racterise en ce qu'un maillot de bain comprenant 

45 une partie courbe (14, 14a) concue pouretre portee 
autour de la region des fesses de la personne, ladite 
partie courbe foumissant ladite surface courbe. 

8. Un article portable (30) selon la revendication 6, ca- 
50 racterise en ce qu'un casque (20) comprenant une 

partie courbe (12, 12a) congue pour s'etendre au- 
dessus de l'arriere de la tete de la personne, ladite 
partie courbe foumissant ladite surface courbe. 

Un article portable (30) selon la revendication 6, ca- 
racterise en ce qu'un maillot de bain comprenant 
les parties courbes pour I'extension autour du torse 
et des membres de la personne, une surface courbe 
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(12, 14) etant formee par chacune des parties cour- 
bes mentionnees. 

10. Une methode de reduction de la trainee d'une per- 
sonne passant a travers un milieu liquide (2) dans 5 
une direction longitudinale, ladite direction longitu- 
dinale definissant une direction du debit de liquide 
(3) par rapport a ladite personne, et ledit liquide de- 
finissant une couche limite (7) a proximite de la per- 
sonne, caracterisee en ce qu'un arrangement de n> 
generateurs a vortex (11) est dispose sur ladite per- 
sonne en amont du point de la separation de la cou- 
che limite (6), chaque rangee de ['arrangement con- 
sistant en plusieurs generateurs a vortex etroite- 
ment espaces s'etendant dans une direction trans- 15 
versale par rapport au debit de liquide mentionne 
(3), lesdits generateurs a vortex (11) etant disposes 

de facon a creer plusieurs tourbillons de sillage mi- 
niatures (17) s'etendant dans la direction longitudi- 
nale et ayant une hauteur suffisante pour s'etendre 20 
d'un quart a un demi de la distance dans la couche 
limite (7), lesdits tourbillons de sillage (17) retardant 
le debut de la separation des couches limites et re- 
duisant ainsi la trainee de forme. 

25 

11. Une methode selon la revendication 10, caracteri- 
see en ce que ledit arrangement (11) s'etend au- 
dessus d'une surface courbe (12, 12a, 13, 14, 14a). 



comprenant une partie courbe (12, 12a) concue 
pour s'etendre au-dessus de I'arriere de la tete de 
la personne, ladite separation des couches limites 
etant situee sur lesdites parties courbes. 

17. Une methode selon n'importe laquelle des revendi- 
cations 10 a 14, caracterisee en ce que lesdits ge- 
nerateurs a vortex (11) sont fournis sur un maillot 
de bain (30) comprenant les parties courbes pour 
I'extension autour du torse et des membres de la 
personne, ladite separation des couches limites 
etant situee sur lesdites parties courbes. 

18. Une methode selon n'importe laquelle de revendi- 
cations 10 a 13, caracterisee en ce que lesdits ge- 
nerateurs a vortex (11) comprennent une forme en 
V pointant vers le liquide coulant en sens inverse. 



12. Une methode selon la revendication 10 ou 11, ca- 30 
racterisee en ce que les generateurs a vortex (11) 
des rangees adjacentes sont disposes dans la di- 
rection trans versale de sorte que les generateurs a 
vortex d'une rangee suivante se situent entre les 
generateurs a vortex d'une rangee precedente. 35 

13. Une methode selon n'importe laquelle des revendi- 
cations 10 a 12, caracterisee en ce que la hauteur 
des generateurs a vortex (11) est d'au moins 0,6 
cm. 40 

14. Une methode selon n'importe laquelle des revendi- 
cations 10 a 13, caracterisee en ce que lesdits ge- 
nerateurs a vortex (11) sont des generateurs a vor- 
tex de Stephen dotes de bords avant orientes vers 45 
le debit de liquide coulant en sens inverse (3). 

15. Une methode selon n'importe laquelle des revendi- 
cations 10 a 14, caracterisee en ce que lesdits ge- 
nerateurs a vortex (11) sont fournis sur un maillot 50 
de bain comprenant une partie courbe (14, 14a) 
congue pour etre portee autour de la region des fes- 

- ses de la personne, ladite separation des couches 
limites etant situee sur lesdites parties courbes. 

55 

16. Une methode selon n'importe laquelle des revendi- 
cation 10 a 14, caracterisee en ce que les genera- 
teurs a vortex (11) sont fournis sur un casque (20) 
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FIG. 4e 



FIG. 4b 




FIG. 4d 
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FIG. 4g 



11 



EP 0 813 372 B1 




12 



EP 0 813 372 B1 




13 



